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(54) Apparatus for eliminating background interference in fluorescence measurements 

m\ In aooaratus for eliminating background interference in fluorescence measurements in a multiple ^rflow 
Some^ stafned with fluorescent dyes is excited by a laser 1C ). A fluorescence .detector 24 

oSeSs the SuSescence 23. The particle scatters light 36 and a gate signal is generated at 37 m response to the 
SSfon » ^^mr^ioM 36 and delayed at 48 until the biological particle reaches the next aser 12. The 
£™d^^i™2^J^lS ansmission of light from this next laser by means of an optica, modulator 46 which 

signal is generated in response to the detection at 24 of the fluorescence. 
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SPECIFICATION 

Apparatus for eliminating background interference 
in fluorescence measurements 

5 

Background of the invention 

The invention described herein relates generally to 
multiple laser flow cytometry and more particularly 
to structures for eliminating background interfer- 
10 ence in fluorescence measurements made using a 
multiple laser flow cytometer. 

In a multiple laser flow cytometer, biological cells 
are stained with fluorescent dyes and flow in liquid 
suspension through a flow chamber in which the 

15 cells are separated and aligned for measurement. 
When passing through the flow chamber the cells 
pass sequentially through spatially separated laser 
beams. Each laser beam excites a different 
fluorochrome (fluorescent dye) bound to a specific 

20 component of the cell. Measurements of the 

fluorescence from the fluorochromes provide quan- 
titative information about the cell components to 
which the dye is bound. Flow cytometers can 
measure cellular properties such as cell size, DNA 

25 content, protein content and cell membrane permea- 
bility. They can also measure cellular antigens and 
the shape, size and DNA content of individual 
chromosomes. 
Multiple laser flow cytometry is described in a 

30 number of articles. J. A. Steinkamp, D. A. Orlicky, H. 
A. Crissman, "Dual-Laser Flow Cytometry of Single 
Mammalian Cells." J. Histochem. Cytochem. 27, 273 
(1979). J. A. Steinkamp, C. C. Stewart, H. A. Criss- 
man, "Three-color Fluorescence Measurements on 

35 Single Cells Excited at Three Laser Wavelengths," 
Cytometry 2, 226 (1982). 

Mu Itiple laser flow cytometry has led to improved 
measurement capabilities for analyzing cells stained 
with multiple fluorochromes. Single laser excitation 

40 of cells stained with two fluorochromes requires a 
selection of dye combinations such that both dyes 
can be simultaneously excited at one laser 
wavelength and have minimum spectral overlap of 
fluorescence emission. These spectral problems 

45 have been greatly reduced by the development of 
dual laser flow cytometry, in which two independent 
laser beams intersect the flowing sample stream at 
different locations along the stream. This technique 
works well for fluorescent stains that have markedly 

50 different excitation wavelengths, although the emis- 
sion spectra may completely overlap. The key to this 
technique is in the spatial and temporal resolution of 
the measurements from the separated laser beams. 
Multiple laser flow cytometry works well so long 

55 as the fluorescence signals from the cells are 

reasonably bright and the fluorescence intensities in 
each measurement channel are approximately 
equal. However, in the case of cells where one of the 
measurement channels is detecting very dim 

60 fluorescence, such as immunofluorescence, there is 
significant background in the dim channel due to 
stray laser light leakage from the brighter channel 
laser beam. Frequently the wavelength of the other 
laser beam overlaps with the dim fluorescence 

65 emission spectrum and thus contributes a readily 



detected background. Laser blocking filters can 
reduce this laser leakage but they simultaneously 
reduce the desired dim signal. Laser leakage interfer- 
ence is a particularly difficult problem in dual laser 

70 measurements of chromosomes. The fluorescence 
from stained chromosomes is dim and in some 
cases the fluorescence from smaller chromosomes 
is so dim that photon counting statistics become 
important. In dual laser chromosome analysis cross 

75 interference fom both laser beams can become 
important. 

The use of laser blocking filters to reduce laser 
leakage is well known, but it does not solve the 
problem of detecting dim fluorescence in a multiple 

80 laser flow cytometer. U.S. Patent 4,198,567 to Ener- 
oth et al. discloses a method and apparatus for 
measuring small amounts of a fluorescent subst- 
ance. The sample is excited with a radiation pulse 
and a fluorescence radiation detector output signal 

85 is gated so that detection of the fluorescence is 
delayed until afterthe excitation radiation pulse has 
decayed to a point where the fluorescence emission 
signal is distinctly larger than the scattered radiation 
signal. Eneroth et al. does not involve a multiple 

90 laser flow cytometer. 

U.S. Patent 4,243,31 8 to Stohr discloses a method 
for evaluating only the flu orescent pulses which 
correspond to the travel time of individual stained 
biological articles between the two points in- 

95 tersected by two laser beams. The problem addres- 
sed by Stohr was the need to use different fluores- 
cent dyes for DNA and protein. 

Summary of the invention 
100 One object of the present invention is to provide 
an apparatus which eliminates the background due 
to cross interference from lasers in a multiple laser 
flow cytometer. 
Another object of the invention is to provide an 
105 apparatus for controlled turning on and off of laser 
beams in a multiple laser flow cytometer. 

Still another object of the invention is to detect 
dim fluorescence. 
Another object of the invention is to make precise 
110 fluorescence measurements of chromosomes. 

To achieve the foregoing and other objects, and in 
accordance with the purposes of the present inven- 
tion, as embodied and broadly described herein, 
there is provided in a multiple light source flow 
115 cytometer the improvement consisting of an appar- 
atus for modulating on and off light from at last one 
light source to eliminate background interference 
between the light sources of the flow cytometer. The 
flow cytometer, which forms no part of the present 
120 invention, includes at least first and second light 
sources, which are typically lasers. The lasers may 
emit light having the same wavelength or different 
wavelengths. The laser beams are focused and 
intersect the path of biological particles at different 
125 points. Each laser ordinarily excites a different 

fluorescent dye bound to a specific component of a 
biological particle. The cytometer includes at least 
one fluorescence detector to measure the fluores- 
cence from the dyes, and a data storage system for 
1 30 storing fluorescence data. 
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The apparatus in accordance with the present 
invention comprises first and second light scatter 
detectors for detecting light scattered by biological 
particles, first and second gate signal generators 

5 responsive to the respective light scatter detectors, 
and first and second gated signal processors for 
receiving first and second gate signals from the 
respective gate signal generators and for transmit- 
ting fluorescence data to the data storage system. 

10 The apparatus further includes at least one optical 
modulator which modulates one of the light sources 
on and off. A delay device is connected to and 
receives a gate signal from a gate signal generator 
and generates a delayed gate signal in response 

15 thereto. The delay device is connected to the optical 
modulator such that the delayed gate signal controls 
the operation of the optical modulator. The optical 
modulator may be associated with either the first' 
light source or the second light source. Preferably a 

20 first optical modulator is associated with the first 
light source and a second optical modulator is 
associated with the second light source. The biolo- 
gical particles may be chromosomes. Where the 
biological particles are sufficiently small that light of 

25 sufficient strength to be detected is not scattered, the 
gate signal generators can be responsive to the 
respective fluorescence detectors. 

One advantage of the present invention is that the 
background due to cross interference fom light 

30 sources in a multiple light source flow. cytometer is 
eliminated. 

Another advantage of the invention is that dim 
fluorescence can be detected. 
Still another advantage of the invention is that 
35 precise fluorescence measurements of chromo- 
somes using multiple lasers can be obtained. 

Additional objects, advantages and novel features 
of the invention will be set forth in part in the 
description which follows, and in part will become 
40 apparent to those skilled in the art upon examination 
of the following or may be learned by practice of the . 
invention. The objects and advantages of the inven- 
tion may be realized and attained by means of the 
instrumentalities and combinations particularly 
45 pointed out in the appended claims. 

Brief description of the drawings 

The accompanying drawings, which are incorpo- 
rated in and form a part of the specification, illustrate 
50 an embodiment of the present invention and, 
together with the description, serve to explain the 
principles of the invention. In the drawings: 

Figure 1 shows a schematic view of a preferred 
embodiment of the invention. 
55 Figure 2, 3, 4, and 5 schematically illustrate the 
modulation of the light sources in the preferred 
embodiment of the invention. 

Figure 6 graphically illustrates fluorescence data 
obtained with a dual laser flow cytometer in which 
60 both lasers were always on. 

Figure 7 graphically illustrates fluorescence data 
obtained with a dual laser flow cytometer in which 
one laser was always on and the other laser beam 
was blocked. 

65 Figure 8 graphically illustrates fluorescence data 



obtained with a dual laser flow cytometer in which 
one laser was always on and the other laser was 
modulated on and off. 

70 Detailed description of the invention 

Reference is now made to Figure 1 which shows a 
schematic view of a preferred embodiment of the 
invention. The apparatus of the present invention is 
shown in combination with portions of a flow 

75 cytometer. The flow cytometer includes a first light 
source 10 and a second light source 72. The flow 
cytometer also includes focusing optics 14 to focus 
the light from each light source onto different points 
separated by a distance S along the sample stream 

80 /^through which biological particles pass in single 
file, much like beads spaced apart on a string. The 
light sources may be lasers which emit light having 
different wavelengths or the same wavelength. The 
lasers can be pulsed or continuous wave (cw). First 

85 light beam /Sfrom first light source 10 is shown 
exciting first biological particle 20. First biological 
particle 20 and second biological particle 22 are 
stained with fluorescent dyes. Each dye is bound to a 
specific component of biological particle. Each light 

90 soure can excite the same or a different dye. The first 
biological particle20 is shown giving off fluores- 
cence 23 which is detected by first fluorescence 
detector 24. Light from light beam 18, as well as 
fluorescence 23, reaches second fluorescence detec- 

95 tor 26. The direction of movement of the biological 
particles is indicated by arrow 28. The flow cyto- 
meter also includes a data storage system 30 for 
storing fluorescence, light scatter and other data 
obtained about the biological particles. 

100 The apparatus in accordance with the present 
invention modulates on and off at least one light 
source to eliminate background interference during 
fluorescence measurements. The apparatus includes 
a first light scatter detector 32 and a second light 

1 05 scatter detector 34. First biological particle 20 is 
shown giving off scattered light 36. First gate signal 
generator 37 generates a first gate signal in response 
to the detection of scattered light by first light scatter 
detector 32. Second gate signal generator 38 gener- 

1 1 0 ates a second gate signal in response to the 

detection of scattered light by second light scatter 
detector 34. First gated signal processor 40 and 
second gated signal processor 42 receive the respec- 
tive gate signals and transmit fluorescence and lig ht 

115 scatter data to the data storage system 30. First 

optical modulator 44 is operably associated with first 
light source 10. Second optical modulator 46 is 
operably associated with second light source 12. 
First optical modulatory and second optical mod- 

120 ulator45are connected to delay device 45. First 
biological particle 20 is shown giving off fluores- 
cence 23 detected by first fluorescence detector 24 
and producing scattered light 36 which reaches first 
light scatter detector 32. At this instant the interfer- 

1 25 ence signal from first light beam 18, which reaches 
the second fluorescence detector 26, is blocked at 
second gated signal processor 42. First gate signal 
generator 37 generates a first gate signal in response 
to first light scatter detector 32. The first gate signal 

1 30 is sent to delay device 48. First gate signal generator 
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37 also generates a third gate signal which is sent to 
first gated signal processor 40 to block the signal 
from the first fluorescence detector 24, so that it will 
not process signals when first biological particle 20 
5 reaches second light beam 50 (shown in broken lines 
to indicate that second light source 12 is off). Delay 
device 48 immediately relays the first gate signal to 
first optical modulatory which modulates off the 
light from first light source 10 after first biological 
10 particle 20 has left the first light beam 18. Delay 
device 48 produces a delayed gate signal in re- 
sponse to the first gate signal. The first gate signal is, 
effectively, delayed for a time sufficient for first 
biological particle 20 to travel the distance S from 
15 the first light beam 75 to the second light beam 50. 
When second optical modulator 46 receives the 
delayed gate signal from delay device 48, it pulses 
second light source 12 on for a sufficiently long time 
period to excite first biological particle 20. Second 
20 fluorescence detector 266 detects the resultant 
fluorescence and second light scatter detector 34 
detects scattered light. Fluorescence and light scat- 
ter data are sent to data storage 30 via second gated 
signal processor 42. Second gate signal generator 38 
25 generates a fourth gate signal in response to second 
light scatter detector 34. The fourth gate signal is 
sent to first gate signal generator 37, from which it is 
sent to first gated signal processor 40 to turn first 
fluorescence detector 24 back on. It is also sent to 
30 delay device 48 and in turn to first optical modulator 
44 which then modulates the light from first light 
source 10 back on. First light beam 18 is then able to 
excite the next biological particle in the sample 
stream 75to reach first light beam 18. The biological 
35 particles can be cells, viruses, molecules, bacteria, or 
chromosomes. The light sources can be pulsed flash 
lamps or mercury vapor lamps. The optical modula- 
tors can be electro-optical modulators, acousto- 
optical modulators or liquid crystal switches. 
40 In another embodiment of the invention, still 
referring to Figure 1 , there is only one optical 
modulator, second optical modulator^. First light 
beam 18 is left on continuously. Delay device 48 and 
second optical modulator 46 pulse on second light 
45 source 12 for a time sufficiently long to excite the 
same biological particle that caused a gate signal to 
be generated and reach delay device 48 by scattering 
right from first light beam 18 or by giving off 
fluorescence. 
50 In another embodiment of the invention, still 
referring to Figure 1 , the only optical modulator is 
first optical modulator 44. Second light beam 50 is 
left on continuously. After a biological particle 
scatters light from second light beam 50, a gate 
55 signal is generated and routed to first optical 
modulator 44 to modulate on first light beam 18. 
First light beam 18 is then able to excite the next 
biological particle in the sample stream 16. 
Figures 2, 3, 4 and 5 schematically illustrate the 
60 modulation of the light sources in the preferred 
embodiment of the invention shown in Figure 1. 
Figure 2 shows biological particle a as it is excited by 
a first light beam 60 from first light source 61. 
Second light source 62 is off, as is represented by the 
65 broken lines showing where second light beam 63 



would be. Figure 3 shows first light source 61 and 
second light source 62 off, with biological particle a 
between first light beam 60 and second light beam 
63. Figure 4 shows second light source 62 on and 
70 particle a being excited by second light beam 63. 
First light source 61 has been turned on. Biological 
particle b is shown approaching first light beam 60. 

Figure 6 graphically illustrates fluorescence data 
obtained with a dual laser flow cytometer in which 
75 both lasers were always on. Figure 7 graphically 
illustrates fluorescence data obtained with a dual 
laser flow cytometer in which one laser was always 
on and the other (interfering) laser beam was 
blocked. Figure 8 graphically illustrates fluorescence 
80 data obtained with a dual laser flow cytometer in 
which one laser was always on and the other laser 
was modulated on and off. In Figures 6, 7, and 8 the 
vertical axis corresponds to the number of particles 
and the horizontal axis corresponds to fluorescence 
85 intensity. A narrow peak indicates that the measure- 
ments made were precise and resolution was good. 
As can be seen in Figure 6, the peak 70 obtained 
using a conventional dual laser flow cytometer is 
fairly broad and is shifted to the right because of the 
90 background contribution. In addition, there are a 
number of background signals 71. In Figure 7 the 
peak 72 is much narrower. The peak 74 in Figure 8 is 
also much narrower. 
In obtaining the data represented in Figure 8, the 
95 delay device used was an Ortec gate and delay 

generator, model 416A.The optical modulator was a 
Coherent model 317. The light sources were argon- 
ion lasers. The first light source was Spectra Physics 
Model 164-04 with a wavelength of 457.9 nm.The 
100 second light source was Spectra Physics Model 
1 64-05 with a wavelength of 514.5 nm. The laser 
blocking filter used for the 457.9 nm excited fluoresc- 
ence was a Schott GG495. 
The foregoing description of several embodiments 
105 of the invention have been presented for purposes of 
illustration and description, it is not intended to be 
exhaustive orto limitthe invention to the precise 
form disclosed. They were chosen and described in 
order to best explain the principles of the invention 
110 and its practical application to thereby enable others 
skilled in the art to best utilize the invention in 
various embodiments and with various modifica- 
tions as are suited to the particular use contem- 
plated. It is intended that the scope of the invention 
1 15 be defined by the claims appended hereto. 

CLAIMS 

1 . I n a flow cytometer measuring device having 
120 first and second light sources for forming respective 
first and second beams of focused light to excite 
different fluorescent dyes bound to specific compo- 
nents of biological particles, the measuring device 
including a fluorescence detector for producing 
125 fluorescence data, and a data storage system for 
storing said fluorescence data, the improvement 
comprising an apparatus for modulating on and off 
light from a light source to eliminate background 
interference, said apparatus including: 
130 a. first and second light scatter detectors for 
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detecting light scattered by biological particles: 

b. first and second gate signal generators for 
generating first and second gate signals, said first 
gate signal generator being responsive to said first 

5 light scatter detector and said second gate signal 
generator being responsive to said second light 
scatter detector; 

c. first and second gated signal processing means 
for receiving said first and second gate signals 

10 respectively and for transmitting the fluorescence 
data to the data storage system, said first gated 
signal processing means being connected to said 
first gate signal generator, the fluorescence detector 
and the data storage system, said second gated 

15 signal processing means being connected to said 
second gate signal generator, the fluorescence de- 
tector and the data storage system; 

d. delay means for delaying said gate signal 
generated by one of said gate signal generators, said 

20 delay means being connected to receive said gate 
signal and producing a delayed gate signal in 
response thereto; and 

e. an optical modulator associated with one of the 
light sources, said optical modulator being con- 

25 nected to said delay means to receive said delayed 
gate signal and modulate on and off the light from 
the light source in response thereto, whereby there 
is no interfering background from one light source 
present while the other light source excites the 

30 biological particles and while the resulting fluoresc- 
ence is detected. 

2. The invention of Claim 1 wherein the light 
sources are lasers. 

3. The invention of Claim 1 wherein the biologic- 
35 al particles are chromosomes. 

4. The invention of Claim 1 wherein each light 
source emits light having the same wavelength; 

5. The invention of Claim 1 wherein each light 
souce emits light having different wavelengths. 

40 6. The invention of Claim 1 wherein the flow 
cytometer measuring device includes first and 
second fluorescence detectors, said first gated signal 
processing means being connected to the first 
fluorescence detector and said second gated signal 

45 processing means being connected to the second 
fluorescence detector. 

7. The invention of Claim 1 wherein said optical 
modulator is associated with the second light source 
and wherein said delay means delays said first gate 

50 signal generated by said first gate signal generator 
until the biological particle has moved from the first 
light beam to the second light beam. 

8. The invention of Claim 1 wherein said optical 
modulator is associated with the first light source 

55 and wherein said optical modulator modulates off 
light from the first light source after the first light 
scatter detector detects a biological particle until the 
same biological particle is detected by the second 
light scatter detector. 

60 9. The invention of Claim 8 further comprising 
another optical modulator, said another optical 
modulator being associated with the second light 
source and wherein said delay means delays said 
first gate signal generated by said first gate signal 

65 generator until the biological particle has moved 



from the first light beam to the second light beam. 

10. In a flow cytometer measuring device having 
first and second light sources for forming respective 
first and second beams of focused light to excite 

70 different fluorescent dyes bound to specific compo- 
nents of sufficiently small biological particles that 
light of sufficient strength to be detected is not 
scattered, the measuring device including first and 
second fluorescence detectors for producing 

75 fluorescence data, and a data storage system for 
storing said fluorescence data, the improvement 
comprising an apparatus for modulating on and off 
light from a light source to eliminate background 
interference, said apparatus including: 
. 80 a. first and second gate signal generators for 
generating first and second gate signals, said first 
gate signal generator being responsive to the first . 
fluorescence detector and said second gate signal 
generator being responsive to the second fluoresc- 

85 ence detector; 

b. first and second gated signal processing means 
for receiving said first and second gate signals 
respectively and for transmitting the fluorescence 
data to the data storage system, said first gated 

90 signal processing means being connected to said 
first gate signal generator, the first fluorescence 
detector and the data storage system, said second 
gated signal processing means being connected to 
said second gate signal generator, the second 

95 fluorescence detector and the data storage system; 

c. delay means for delaying the gate signal 
generated by one of said gate signal generators, said 
delay means being connected to receive said gate 
signal and producing a delayed gate signal in 

100 response thereto; and 

d. an optical modulator associated with one of the 
light sources, said optical modulator being con- 
nected to said delay means to receive said delayed 
gate signal and modulate on and off the light from 

105 the light source in response thereto, whereby there 
is no interfering background from any light source 
present while another light source excites the biolo- 
gical particle and while the resulting fluorescence is 
detected. 

110 11. The invention of Claim 1 0 wherein the biolo- 
gical particles are chromosomes. 

12. The invention of Claim 10 wherein the light 
sources are lasers. 

13. The invention of Claim 10 wherein each light 
1 1 5 source emits light having the same wavelength. 

14. The invention of Claim 10 wherein each light 
source emits light having different wavelengths. 
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